J/¥Y photo-production in ultra-
peripheral collisions

* UPC physics

e Measurements at RHIC




Coherent photoproduction of J/w & high mass ete pairs
in Ultra-Peripheral AuAu Collisions at vs,, = 200 GeV
David d’Enterria

B a S e d On for the Collaboration
e o o

ULTRAPER PHERAL CIL LIBICINE [U PG)

HI b= b8 Ty Ve Tiphe ral = 2R~ 10— 100 fn) A5 i e +
collk boas prodece s ong) e kotomad e ok kk die © = T _
e cobere itaction of all imckan charges. - —— Q‘_"-

SACh $ong EM TR KE constime anee oo nas Fear phooes

whkeh can cthate e & mken pales or wobHnes o UPE ArAInkEracion Pledorrphobon Plhdorrpome ron

4 , P Inkeracion: Irkerac lons
. s ) + 3w+ F edel + F wlid
3 = = Hbb raks expeckdi@ RHI die to:
andl the b scatte 1 e artcally with the otercolersat- oricki i Large anonclage: e =T I w
il HEh 5 om | =25 R - GGeY I

f O r P H E N IX Measre dk botions @ mi-rapkiity 1 UPS 204 - 200 Gel fiom:
(T Cokeretds |:l|\:':||m|: +5 = AR = e
@ Dk kcton contmmat bakm__ o 40 = (A%ee

Ttk o o now ditrbeton macton, G-, e iickl, 6 Pome ioe-ees hange
Tacoreation, I wobr-mes on dyviambks v iackar matter.

Cedeotrs:
RosPCp: Pullchanged kxHra ool cos s fzebe] = 30cm, kack mupkd by = 15
BICHS Bcal:e s ldenlbzald oy ey etz
W =2 [FoTREH pholobber dred by e ],

Serullve ot A = A= ee +E = 0E G| E » 0EG [EFT hieshold].

=] a bz & L - - Mo dead -wam bower atourd oo B Al clue er
n C e d ke 2" Crnui iz ize sl [ NT-EC makhirg. e+&- carddaks].
: o . Farcub:am =am . [bak-leback dl-eleckon: ]
' ) Eackgrolrsl fubirss 1 [urdke-s1gn] - ke-slarg

ol dala e D IZSZPROFF " 02 GEMe ~ 14 TE

Full GE=NT K ®or J¢ Ngrrnars & & omlrLm

Tkl equlualen) saypled i s L = 120 bared on sl Fpul fom Slallghimodel [1-3]

o 1 / .
Davi Enterria
nuarntmass di bt of nnllke= dWsim_ backgron d saactech w/ D () Ji waarkavt mass distrbton
ancl Ik=c ke ese palrs: expected i koton cortn un and )9 skpeak: e palrs minng i ke, contlen i
].St Al i Ph 1 W k
° | oy i RS, o
E I : l ‘ I “ 4 . W .
rice, Dec 2005 - e
. N . . Eucellen| IE' iR ak
’ I dietbaton otes |Ja|r’5.|:@ak@ dat wery low P po[rlénscf]:::ngn l"'lm.p'?

= colereptprecton g, < 2 0oR - 50 Medf T T = He RN : BT

e A lot of thanks ... %?

= = Darvid dErnlerria- -
Hevle Lab e Columbla Unlvercdty, HY




Introduction

Nonlinear QCD dynamics at small x and Q? is one of the focal
points of theoretical activity

Photon to vectormeson processes: sensitivity to gluon
distribution at small x, cross-section (with Q?=M,%/4,
x_MV2 yNz)
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Photon-photon processes: tested in e*e” or ep (HERA)
Possible new directions:




Photon-photon interactions

* High-energy yy: complementary to "conventional"
e*e, ep (DIS), or pp collisions (to study QCD/QED,
or even beyond-SM)

* High energy photon: point-like interaction or

quantum-fluctuation into a vector meson or quark-
pair

N=Cle)t ), S [V)+ D Cq\qﬁ>+20|\”>
V=p",0,0,J/¥,Y g=u,d,s,c,b l=e,,1

* v, dominates, but y—>V,qq fluctuations interact
strongly and give largest contribution to yy cross-
sections




How to make vy collisions?

* EM field of relativistic charged particle = flux of
“equivalent” photons.

* Weizsacker-Williams formula for y-spectrum in
an e* beam (with z=E / E):

dN O 1 0o N
dZ 270 z(1+(1 Z) )InQ Oin = 1-7 Qi =M (eg)
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* Scattered beam close to parent beam (kinematics)
— low p, products & quasi-real photons (Q*~0)




yy in nucleon-nucleon collisions

collision: collision: ==

Central 6 Peripherala Ultra-peripheral '

collision: '
* Two heavy nuclei not overlapping

* Emitting a quasi-real photon

* Interacts with the other nucleus
* Large photon cross-sections (~Z%)




Where all this is done;: BNIL@RHIC

* RHIC: Au+Au @E__ .= 200'GeV/nucleon

* PHENIX: several hunded scientist, a lot of topics
e See earlier talks of Rachid Nouicer, David Kawall

and Atsushi Taketani
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J/'¥ production in UPC’s

* Different type of processes




Experimental signatures

* Central rapidities:

* Forward rapidities:




Measured processes in Aut+Au UPC

STAR:

e PHENIX (nucl-ex/0601001, OM proc):




Eliminating background sources
* “Non-physical”:

* Physical processes:




PHENIX detectors for UPC

, PHENIX Detector
’ -PC3 Cantra : _‘;1 “,1" "\

e DC + PC’s: Full central-
arm charged tracking
(e* momentu

e EMCal + RHIC: e*

identification in central
rapidity.

e ZDC: Forward neutron
detection (Au*
dissociation):

* BBC: charged tracks




Triggering on UPC’s

PHENIX Run-4 AuAu UPC level-1 trigger:

Veto on coincident BBC (| y | ~3-4): ANISUSIRg

Neutron in ZDC (E>30 GeV) WH A

Large energy (E > 0.8 GeV) cluster in EMCal:

Trigger definition based on the above
Events collected (~0.4% of MB trigger):




PHENIX UPC analysis cuts

Cuts made on the 8.5M UPC triggered events
Global cuts:

Eletron ID cuts:

Pair cuts:

Residual background subtraction:




Resulting distributions
* Invariant mass distribution with continuum
background
* Pair transverse momentum distribution
* Unlike-sign (red) and like-sign (yellow) pairs
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Transverse momentum distribution

* Nuclear form factor fit (J.Nystrand, nucl-
th/0112055)

e Unlike minus

dN, Jdpr = A*pr*[F(pr)l°
sin(R*p;) - R*p;*cos(R*p,)

(counts)

F(p) =
' (Rp,)* * (1+a2p?)

like Sign pai]_"s Au distrib.: R = 6.38 fm, a, = 0.54 fm

e dN /dPt P At A=1300.0 + 54.3 (INDF= 51.9/32.0)
p:~90 MeV/c

* Shape in
accordance with
simulation
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Background substraction

* Starlight Monte
Carlo simulation ete- unlke sign

~ 120

g+e- [unlike-like sign
Ertrias 118

* Determine
continuum shape

dN/dm,,, (c/GeV

* 700k e"e” pairs

with m.__>1.5 GeV,
500 pb™*

e Fit: A/(my+m)P

* m,=3.2, b=8.36
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Background substraction

e dN/dm, . with continuum fit from MC (see above): A/(m,+m)"

1nv

e Normalized at m, , =1.8 - 2.2 GeV/c?
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* Continuum in good agreement with theoretical input

e J/¥ peak & width also (theoretical input + full MC resp.+reco)
18/21




Cross-section extrac’uon
e Result: NJ/.P—IOiSiS '

* Efficiency corrections:

do;,y i 1 N 1
0)Y} BR Acc-¢ L Ay

M<05 reco trlgg

* oy =48%16 18 pb
» Agreement with theoretical results ©




Cross-section results

* Agreement with
theoretical results

UPC Au+Au— JM'V + Xn @ 200 GeV:
[ ] PHEMEX Preliminary
‘Starlight', J.Mystrand [27]
--  M.Strikman er al. [21]. coherent
--- M.Strikman et al. [21], incoherant

do/dy (u b)

* Main systematic error:
coherent continuum

* Statistical errors: larger 85 25 05 005 1 45 2 25

. . y
luminosity

* Present status: detailed study of G, (x,Q?), J/¥
absorption in cold nuclear matter not possible
* Final data on the way




LHC prospects

Cross-sections from J. Nystrand, hep-ph/0412096, NPA752(2005)470

Accelerator

Hadroproduction Photoproduction

p+tp—V+X p+p—p+p+V

RHIC /5= 02 TeV, V = J/¥
TeV, V = J/
TeV, V = T(15)

4.0+0.9 pb 3.0 nb
19-48 pb 54 nb
190-280 nb 720 pb

Accelerator

Hadroproduction
A+ A=V +X

Photoproduction
A+A—-A4+A+V

RHIC /s, = 02 TeV, V = J/¥

LHC /5, = 5.5 TeV, V = J/¥

TeV, V = T(15)

160 mb
820-2100 mb

290 pb

-6-4-20 2 4 6

Yy




Summary
UPC collisions: high energy photon beam

Precision QCD

First results from RHIC

To be continued at LHC




Incoherent | /¥ production

* Via Coulomb-breakup
* How to separate from the coherent? Strikman:
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Strikman et al., hep-ph/0505023
* Approved results yet to come




Continuum cross-sections

[_ma== |

* Efficiency, correction:

* Results: approved data yet to come

* Systematic errors:




